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According to the terms of Contract N6onr-27701 (NR-083-
OOU), the work to be performed by the Contractor shall con-
sist of the following :

1. The Contractor shall furnish the necessary personnel
and facilities for and, in accordance with any instructions
issued by the Scientific Officer or his authorized repre-
sentative , shall

(a) conduct research, analyze, and compile data and
technical information , prepare material for charts,
manuals, and reports, and foster the training of
military and civilian personnel in the following
fields of oceanography:

(i) permanent currents;
(ii) interaction of the sea and atmosphere (including

wind waves, swell, and surf);
(iii) the distribution of physical properties;
(iv) the distribution of chemical properties;
(v) the distribution of organisms ;
(vi) the characteristics of the sea bottom and

beaches;
(vii) tides , ti dal currents, and destructive sea waves;

and
(v i i i )  the physics and distribution of sea and terrigenous

ice .

The research shall include, but not necessarily be limited to ,
the following :

(1) studies of North Atlantic oceanography;
(2) wave observations and analysis;
( 3 )  current measurements;
(ti.) studies of Arctic oceanography; -~~~~(5) development of unattended instruments; ~(6) thermocline studies; I

and
(7 ) studies on inshore oceanography.
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IN T R O D U C T I O N

During r e c e n t  yea r s  i t  ha s h ec~-’nR ’ ci  earer t h a t .  in many ci  f —
E e r en t  w a y s  wave 3  can exer t  an im p o r t a n t  in f lu en c e  on t h e  success
of naval opera t.lons . Durir lg i .~or ld  War I L  I t  was th o u g h t  tha t the
most . important application s ci ’ wave resenn’ch W C P t  hi ‘o u n e et I o n

I th amphibiou s operations , bu t  I t s now e v i d e n t .  t•lia t- ii a f u t u r e
war nearly all k i n d s or activities a t .  sea can be a d v e rs e l y  a f f e c t e d
by wa ves , r i o t  on ly  by s t o rm wav er ’  but  a l so  in some c a r e s  by waves
onl y a few f ee t  hi gh . I t ’  t h i s  ii ; t r u e , then i t  is  i g l i l y  u esi rsb l e
to improve  mean s of pred i ct  t n ~ ope n s r e an i  wave  coird I t  en s

\ renewed a t t a c k  on w ave  t h e o r y  has  r e c en t ly  ~~ :r made ’ at  N e w
i ork Un i  versi ty w t i  cli a t .  the ve ry  l e a s t  ~ y e s  p r ’or ’r l e ui v tug
~ru ad  a p p l i c a t i o n  in nava l  -ch l  t ~~~~ tu ro . These new s t u d i e s  by Dr .

i i  lard .i • Pie r son , as w e l l  as o t h e r a s pe c t s  o I ’ p re~; e f l t -  —~r a~ W~ V t ’
r e s e a r c h , re qu i r e  a i - c it a b l e  o r e r l  ocean wave  m e t - e r  t h a t w I  i i  p r o —
vh i e  a c o n t in u o u s  record  d u r i r i & ,  a t  leas t a p e r i o d  of ‘0 m i n u t  er ;
from .~h I c h  the power ’ spectrum can be c ’t i v e n  i c r i t l y  d e r i ve s .

k” or these  reasons dur ing  the a u t u m n  c o nsi der a b l e  though t wa s
ci v or ~ as to how bes t  t h i s  I n st i t u t i o n  could c o n t r i b u t e  to a
renewed a t t a ch  on w ave  p rob lem s . A l t h o u g h  no member  of  our st a f !
c o r r s i c e r s  h i m se l f  a s p e c i a l i st -  in w a v e  r e s e a r ’c L , in t h e  c o u rse  of
t h e  p r e sen t  f l O l L i  p rogram m u sh  use  rul i n l o r ’i n a t - i on  cou ls  t ’asi ly be
c l  l ect e d , p r o v i d e d  s ui t a b l e  Ins t  r u m en t at l  s i r  w e r e  a v a i l a b l e . I t
w a s  ccc iced tha t the  n e c e ss a r y  Ins  t ru in ent a  I de y e  1 o p m t m t  w o o l s  he
ca rr ’i ed  ou t -  : rnder ou r  c o n t r a c t  w l t , } i  t h e  h u n - c an  o r  ~Th i p s , but ,

n c e  severa l  in v e st i ga tor ’s  w h o s e  w o r k  I i  i ’e p o r ’t o c  on solow h a v e
made  v a l u a b l e  s i rg ~~~s t i o n r ;  a r i d  h u v e  t aken  p a r t .  ~n 1’r e qu e n t .  o l s —
‘u-  I on c on~~o I’ : ,  n~ wa v e r  , i t . s ee r t ~s w o r t h  w h i l e  suuunar i  zi rig I lie
has  1 ’  c ins  id era I I on b er t ’

i n  t h e  i r ’s t .  p l a c e , I t .  w a s -  ‘ L v  l o r i s  t h a t  t o  L1es1 ~~:i h i t a
s ~r , , le in s tr u m e n t  t h e  a b i l  I t v  t o  c - c o r d  o v e r ’  a w ide i’ari~ e ci ’ sea
cori di Lions woul i be most  di rn cu l t . ~e d i d  h op e , hcr~ever , to
d e v e lop  an in s t r u m e n t -  tha t -  c o r n s real w i t h  waves 1 ’

, say , less
than  l~ f ee t  in heig h t  and t h a t  p erhaps  s -in c qu~ t e  d i  i ’1’er e nt
me thod ~ou 1 i be e f f e c t i v e  t r n d e x ’  s t o r m  cond I t  I on s  • I t  was dcci d c i
tha t the  f i r s t  o b j e c t i v e  wou ld  i-c  t o  st r i v e  i c r  p r o c  Is I on , ev en
thoug h cons iderab le  c o m p ex i t y  mt~ ht . be i nvo lved , so as t o  have
a v a i l a b l e  at least  one measu r ing  sy st em a g a i nst  w h i c h  o ther , inure

• approximate  methods  could be eva lua ted .

~ Many poss ib le  syst ems were studied  and for one reason or
another  laid aside . For example , it was decided t.o a~ o i r  systems
emp loying accelerome ters, either as the pr imary sensing element
or as a correct ion , as In the ship-borne systems under’ develop-
ment in England and at our Uydrographie Office , even though these
may well turn out to be the only pract ical way to measure storm

LL.~.
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waves . In both  oa ses  the  outpu t or an acce ler omete r  on the bow
or  the  s h Ip ,  a f t e r  doub le  I n t e g r a t i o n , Is s u b t r a c ted  ib.i a record
t h a t  I s  e s s e nt i a l l y  the r i se  anu fa l l  of the wate r  on tfle s te rn .

01’ t I - c  a i r -bo rne  sys tems , one s t ud ied  by Mr . von Arx was by
~ fa r  L u e  m - o ~t a t t r a c t i ve . Thi s w o u l d  r e q u i r e  t w o  p iano s so as to

sec - ce an adequa t e  base l ine for  a p a i r  of sy n e hr o u l z c u  cameras .
: or  a l l  b u t  q’ I t e  smal l  waves  the  r e s o l v i n g  p o wer  of t d n l s  sy st e ’n
a~ . u ~~rs to be a d e q u a t e . howeve r , even i f  a pa i r ’ ci ’ long r ange
t i a n e s  cou ld  be made a va i l ab l e , not  only wou l u  the  l a b or  of
i’ - crc I r i g  t t i e  ph i tographs  to the pc~ er spec t  r um on  the  w a v e s  ~o
S - r s l d e r a b l e , bu t  also i t .. se emed improb ab l e  tha t  th e c on d lt  Ion s  nor

no~ - g r a p  ~ I n  a g e n e r a t i n g  area w u lu o f t e n  be f a v o r a b l e .

ctJ-ocs e m p l o y i n g  an u p s i - r e — d o w n  ~~° i iU  r e undei ’  a t  i’l iu t a l so
a . p eared  p r o r n i s i r i ~~. cven i t ’ a su b m a r i ne  were  s e i r o m  avai lable as
a st ab le  ~- l a t  norm , the  doub le  c a t e n a r y  s y s t e m  sugges ted  by iii’ .

V • n . ~a lk u s  for  t u r b u l e n c e  measu remen t s  could be used to tow
h e t c a c s i u c e r  a t -  a st ead y dep th below the  s u r f a c e . h o w e v e r ,  as

a - . t;u mn p r ogressed  so t h a t  t e s t s  cou ld  be made in s t rong w i n d s
r i ca l  w a t e r s  i t  became e v i c er i t  tha t for  wind s s t ronger  than

at  ou t 30 m~ ins per hour  t o  many a ir  b u b b l e s  are i-resent down to
iO~~ t hs ii ’ ~ feet or more to i-el-u: I t. co r ~ t I f l U OU S  e c h o e s  c IT  t h e  sca

- r ’ ’. a c c  a n t  for  small ‘. . 8V P r ; t h i s  mu t i :  r lacks r e so l v i n g  p ower .

\ s  the st u cy  progresses  i t  wa s  r r - c l c e c  t lui t I I ’ a w a v e  pole
an r am ~ 1n ~ risk meth u could to  c e d e  t.o ~‘ n o v  t i e  a st ab le  p l a t f o r m ,

r ar the most  cl exib l e  s y s t e m we:. i n  he t o  use t ho change in
cw ~ cci  tance  o t ’ an i n s u l a  t e a  w i r e  , cu i i i  us: the  sea s r ~r1’~~oc an d held

0 n ’ n-i - nri i cul q r - - ly  by a nave ol~ , t o  va ry  1 - h i t ’ r ’requ ency of a r ad io
-v e ra l  s tandard  s yst e m s  for  r e c o r d i n g  a var i ab l e  f r e—

q u e r r . ’v signal  and of anal y z i n g  by a c o u s t i c a l  i n s t r u m e n t s  fo r  the
p o k e r ’  s p e c trum .‘~o u l 1  t h e n  be a v a i l a b l e . The ques t i on  here w a s ?

• could a w ave  pole arid damping  d i sk  be design-s d tha t would  p e r f o r m
re a s - -r i a b l y ...oll in w i n d  .ave s  app r o a c h i n g  10 f ee t  in h e i g h t”  A
num b e r  of v a r i a t i o n s  of a damping d i sk  were t r ied  out in the hope
of overcoming the d i f f i c u l t y  tha t the f ront  side c t ’ a wind  wav e  is
so much steeper than the  back side . The resulting uneven tug ct’
the  w ave pole causes a simp le damping disk to rise with each wave
pa ssage a little more than it. descends , so that the wave poic
gradually climbs higher and higher in the water until the float
broaches . The resul t  is tha t  a f t e r  a time the system begins to
record square -topped waves. To date all efforts to overcome this
dif f iculty under a variety of sea conditions have failed , alth ough
we do now have an excellent Instrument for use whe re the water Is
suff iciently shaUow to floa t the wave pole u~ from a bottom mooring .

Althou gh the initial result s of this work were somewha t dis-
courag ing , th ere Is no lack of ideas involving somewha t more corn-
p l ex systems .
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Second Trade-win d Cru ise .  The ATLANTIS Cruise 181 started
at kb de Janeiro where~Mr. FugUster took over from the Colu.m-
bia University group . A total distance of 721)0 nautical miles
was covered during this cruise . A study was mado of the Brazil
Current uetween Rio de Janeiro and hecife . Fourteen sections
were ma te across the Guiana Curren t on the leg from hec i fe ,
BrazI l , to Por t .  of Spain , Tr in idad .  One section was made across
the  ea s tern  end of the A n t i l l e s  Current and four s t a t i ons  were
occupied in  the aeep w e s t e r n  basin of the Nor th  A t l a n t i c  south
~ t’ der m u sa .

bathythermograph observatI ons were made hour ly ,  generally
:~o a depth  ol’ about  800 f e e t .  Th 3s e  data f i l l  in an Importan t

r~ap In our over-al l  dis t r i b u t i o n  of observat ions in the Nor th
A t l a n t i c . The ins t ruments  used were  in poor shape , so that  a
carefu l check of the data and recalib ra tion  of the instruments
wi ll be necessary before  the bathythermograms are processed .

The data showed that in the ar ea off the coast of South
America between Rio and Recife there are no major temperature
changes such as are found in the Gulf Stream System in corn-
parable northern latitudes. Insofar as such data can be used
to indicate the current pattern they did show numerous relatively
~eak curre~its and countercurrents in this region .

In the Guiana Current area along the nor thea stern coast of
rou th America the most s t r ik ing  feature of the bathythermograph
data was the stratification within the thermocline layer as
:nuicated by step-like traces. This same phenomena was observed
during the trade-wind cruise of last spring .

After the bathythermogram s from this cruise are processed
a chart  of the temperatures at a dep th of 200 meters In the
North Atlantic will be produced .

Sixty-eight stations were occup ied on the cruise where tem-
perature , salinity, oxygen and phosphate samples w ere obtained
by the Nansen bottle method . On eighteen of the stations total
phosp hate and total nitrate samples were taken . Wher e the depth
of the sea permit ted all stations went to more than 2,000 meters.
Nineteen stations were to depths over 3,000 meters , the deepest
cas t made went to ,l.~

bO meters. One bottle and two thermometers
were lost when they struck bottom . In general the gear worked
well though some diffIculty was caused by the mercury sticking
in severa l unprotected thermometers . These station data fill
in a gap In our knowledge of the density and chemical structur e
of the Atlantic especially in the Guiana Current area. Since
this current crosses from the southern to the northern hemisphere ,

~ 
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variations in the den sity pattern along 1L~ course should be of
p a r t ie s  lax ’ I n t e r e s t . The ou t s  L aud ing  t ’o& ture  of the thermal
s t r u c t u r e  In  t h i s  area is an isotherma l l ayer  averaging  about
~‘~0 mete r s  t h i c k  l y ing  benea th  the th r e rmoc l in i ’  at depths between
1, 000 and ,~-00 mete rs . O c c as i o n a l l y  a s li g h t  t emperature  inver—
s Ion  or ’ eurre l w I thin t - u l  s layer .

come t ’i f t  v ob ser va t  Ions were made w i t h  th e go ma g net i c  s l o e —
~~ ~-:t ne to~~r aph on the  f i r st  leg of the cru .i so . sponge rubber  f l oa t
~~‘t’e attached a lon g  t h e  cab le  In order to koe~- b o t h  electrodes at
t h e  our ta ce of t h e  w a t e r . The a c t io n  o f ’ t ire float :’ appeared satis—
factory but  whe re  a f l o a t  was si tua ted  w i t h i n  a t ’uw Inches  of t h e
a f t e r ’  e l e c t  redo the b e n d i n g  a c t i o n  wa s to~ abrup t -  a:id broke the
sab le , dr: s ev e ra l  o cc a s ion s  p i e c e s  wore to rn  out 01’ the floa t s
t -~ f t i h . -‘i t t  empt~s t o  repair the sables and e le c t ro d e s  were  unsue —
ci ’ t n  I a tm S i’to r w o obs ervat. lo r i s  nor t ii  of h e el  fe t h e  inst  rumunt
.~as :oc r d . The o bse r va t i  ens obtained so u t h  of ’ h ee l  fe  s h o w o o  a
se r i es  o : relatively weak eu rr en t s and eoun t -e r ’cu rr e i i t s

i n  fox ’ tunately the ro w pi t ome t- ei’ w h i c h  was s I r  i pp o s  o i i! e w a s
‘r o t  t e st e d  and pu t  t n t  e work lug order u n t i l  a f t e r ’  t he J lG\ W a s

~av h~atIonal evidence was used t o determine t h e  c i r c e  —
I - r i  of tue s r i r : ’ace  cu r r en t s  and then the p it o m et t  r ’ wa s t e w e c  up-

s t r e a m . ire  wi re an g l e  w h i c h  developed , In  the  h o r i z o n t a l  plane ,
t ’r e q t i en t  ly inc t ea  ted a chang e In cu r ren t  d i r e c ti on  .~ i t  1 . ~iep t P .

•-\ t one st a t i on  the  d i r e c t i o n  o f ’ the s t r x ’ t ’ace c u rr e n t  wa s ex t reme ly
do u b t fu l so the  p i t om e ter  w as  towe d in  a large si r e  to , t he sh I p

‘ c i i q u g I - :~ course  15’ every five minutes , A l l  t he se  obs e r v a t i o ns
.~ere made in the dui~~na C u r r e n t  ar ea . Ih e  r e su l t s  are not sat i - ;—
fac tory bu t  t i m e  d i d  n o t  pe rmi t  more e x t e ns i v e  wor k wi th the instru—
men t ,

Bec&u se of  f ai l u r e  of the t rawl  wi nc h only one bot tom core
wa s obt ained en the f i r s t  leg ol’ the cr u is e . The w i n c h  was
repaired In H e c l f e  and n ine  cores were obtain ed during the rema lnuer
of ’ the cruise , six I n the Cu lana Current area and th ree  in the coop
basin  south of Bermuda . x~~cept for the  one fai lure  o1  the  winch
t he equ i pment worked wel l . Some difficulty was experienced in
determining when the bottom was reached on those occasions when

F — 
the tension change was damped by t h e  Carbon lL~ sampling can.

Three sample s of bot tom water , for Ca rbon 114 analysi s , were
brought to the surface . In each case the sampling can wa s leaking .
Twice the clamp at the bottom of the can wa s torn loose . On two
other occasions the can fa i led  to close .

Throughou t the cruise the ENM echo-sounder w i t h  the hull-
mounted sounder and the EDO w i t h  the towed sound er were in opera-
tion . On numerou s occasions there appeared to be more than a
f i f t y  fa thom diff•r ence in the records obtained by the two

- - - -~~~~~~~~ -
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ins tru~ eut  s . On v a r i o u s  cc cas ion s e r i e  or t he other’ xo~ t rume n t
was unc ergotni~ r e p a i rs ,  i’h~ 56 da ta  have been tir!’ri ~’~ over  t o
the Lamont G e o l o g i c a l  Ob ser v ~~t or ’y  which w i ll In ~r x r r i  p as s  t h e n t
to t h e  Ii • :~ • N a v y  U ydr ograph l  C t ’ fi c e  ~i it ’ ‘n l~ unurrr :al f ea t u r e
noted on ~he cr - lse was  a 14~ fa thom bank dt - s .,’-~-ver ed  a t  ~~~~~~~~~~~

sOuth , ‘‘ ‘ ‘  -
~es t. he (‘‘- a r t s  us~ic aboar d  sI . i  p I n c i c a t  ed c e p t  ho

of ’ ~~~, C0~ :
‘
q t ho rn s  &t tOt r See • he A P L \ N  F 15 macs C ~ t r a v e x ’ : e m :

o: t o -  .~~nk a n n  a o o t t o r n  sa m pl u  ~ :‘ ‘ora l  w a s  oL t a t ~~c~i ,

-
~ 

‘ tti r no ,’ I !‘o :0  :‘AO bomb s w e r e  :r ~ppt ’: a t  :‘~_ g ~. la: ’ in t . i’ m ’v a l s
I tue si , I p rea s  Oci her ’mu ra  •

~~~~~ : :‘ ~ - p t he ;-, r ~~~ I xiu i : d~~~ t m~~ r ’ - ox ’  t - r e  nn~ cu t
-‘ :r.o:’ c g e : r e  Pa l  ~‘ le t ure o ‘ ~ or ’ t. 0 ~ t I a: r ti o us can cg:’s ph v , n ’e ace n ’s

a In , 1 n’rn -~ t h~~t t : I .~ ux’k is :‘e vIe ~s e -~~ ~i iso In ¶ t ic  en ’ I oc is
~~~~ - :‘e’. oct tot ’ Contra ct N o r m r ~~’j u n ( i ~0)  ..ni~’t: c-~n n a - c t  s r ~~p o t ’  cc
~. ‘ u-i c m t ’  I rn ~: t O t : :  qu ar ’  t or ,

Cu r’n’c’ :t. ‘Iea:nirements u’-~ 
- • r,~~n, Jbsen ’v ~t t  ion :  - macc on t i r e

‘05 r ec  on t c r u t  s o  o ‘~~ AT LAN~ S :‘r’ cnn hi c cc ~ sri ci cc t o n ~~~cs O~ lo
r:ave been received as w el l &s a r ’ep ox ’ t k -r i t h e  behavior on the
~u -y e c  cable , necessax ’v in t-c .~ magne t  i~’ l a t I  t u c e S . Gen er al ly
: peakt :1R, tt :e float 5\’ stem ,-,crh :- ,i sat isfactcn’Il\ L-ut i t  was
“o u n i  tha t the cab le flexed an~r :‘ t n i a l l v  r - a : ’ t  ed b e t w e e n  ho m ore
~:1sta:: t el e c t rc~ie ~nd the l’loa t Ini~:’o~ri9te1\ a: o s ’ ..  O u n ’t n g  t h e
p re ltmt:r arv trials this fl~~t ha - :  roe ::  :noVe~i close :’  t o  t h e  e le ct  rod e
case han a tn c t 1 y pa rat~ lie spa c i  r m c  ro q.. I coo fri c roe r t- o t m p n ’ o V  0

• t h e  t O~~L n1o attit - uue of ’ t :e float . ihis war : obv~~ou:’L v a mistake .

:‘he ~zene ra l c~ taiw ~r:e of ole’: ri ,’ po t en t lal :n o a s u r e m e nt s  a t
sea begun b ‘fr ’ . l a - s i n g  ~~~. ~agner Is cow -‘no r’ S ha n halt ’ s u m p i et c o ,

c t  all t he k : ie~ :r - ~ rue a our’ emerm t ~: ha v e  ~‘e t t o 10 reco I ved
h - n’s sp onse o f ’ la b o r a t o ri e s  fax ’  a n n  ~ i d e  t o oUI ’ r ’e q :no :: t for dat a

:ao been r o t h  ~~- c l e t r o a r t e d  an n  ~ra: t t ’y t n g l y  p r omp t . i t  is h oped
t h ~i t  t h e  eatalo~ ue may be made av al l~ ble be fo re the lat I-cr part on ’
nex t y ear ,

l’he Appearance of the Sea Sur face from the  A I :‘. Tw~~ :1 ights
t n  t h e  PI~Y have been made during the past quart .er from i’-it za be th
C i t y ,  N . C ., eastward along the edge of the Gull ’ Stream t o  4 0~~~~~~~ .

On the  la te r  fl hth t. made on ~~ November , Mr . von A r x  r e p o r t- s  it
was p o s s ib l e  to fol low the v i s i b le  ou tc rop of ’ the f ront  for
approximate ly  one th i rd  of the f l i g h t  along the cont inen t-al ed ge
of ’ the Gu l f ’  Stream and to detect a change In the sunl ’ac-e t empera-
tur e at regular Intervals throughou t- the entire distance . S tu d y
of the therma l and visual records obtained on this flight i’cveal
a t’In er pattern of frontal waves superimposed on the long wave
lengths similar to those rec orded from shipboard duri ng mul t iple
ship survey of 19~O , and at other times. The t’in e pat -tern may t’e
only superficial .
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Fig . 1 Track chart , showing cruises made during 19S2 in the
Equatorial region by research ves sels ATLANTIS and
ALBATROSS III. Dots and numbers refer to hydrographic
stations . ICT
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u e e e r m : i y ,  the fiel d ot view u: t h e  : L  :~~ ‘ camera na. e”eni
increase d fr ~-m o E - ’ U I t L o u t  I its r~’as 1 : .g c I ~ t e  r t i o n . ‘hr
equipme n t as also been. m a d e o e m I — a u t ~ -ma t 1 ’  so t ni a t I t  ,~ I I l  r un
.~i t h o ut  m e c h a n I c a l  a t t e n t i o n  ‘ cc as ~on~.’ as t n I ’ ’ t ’ ,- — t t j ’ t - : ’ ~n . ’ n: ~~t e s ,
the lI fe o f ’ one f I l m  ma~ azIue , at - a t tm t - - la~~-n’ I :mt e: ’~ ai - f -no
frame pe r aecsn: n • \ t m -  s p t r e  0 1 ’  ‘ a  ze :.ao t m  v~~ :, t o  r a
sIde ra,-~~’ t’arr ’fen - to hr mat:~ ‘: a:~ ’’’ c :~ u n i t  t s r ’ ”  1 , Ll~~ - q - ‘~i I  t~ 

-

c - - r ’  h o t  cc ca r - h .  • 
‘. hen haze !~I I te co a in ns  c, : , 00 :‘~ n O t ’ !l:-

I r e  I I c Ot  01’ .~~
- s-ia Is -ne let cc to  er’n ’i l ~ :‘e c’ i:’ co l~

.r ~~~~ sr t ’n i 5 e s  t S n0 t ! . sI n - s  .,~ater a :.r G - I °  ft r c a : ’ :  .~a :em’ t o  Ct ’
r t - cc :’oed :e c  - l a : ’~~\- . -“s a:. a~~t~ ’:’: .a~~Iv: ’ t h o ’’ t :‘m ’~~, _ e  a-tv a :t~~
t o  un t n ~ nr : r’a— -eml I’ ’. - n’ . a : :  a r m  ~~~~~~~ :11 t e n ’  t o  r en t  t ta t o  no : m e z c
a:’ to s::o b y  I’ , r e  u - r a t ’ : : ’  :n , o ~ t :  a n’:c : 1 : ‘-i ra’. I l oOt c : - : ‘ e c —

t o:. t I  itec t O  q.c! . i  ‘ -
‘ :n’ :- j m , t ’ lI -Ot : :n - -- :  :‘ sea a n  l e s s  o :

- l - n ~~or  .~av e  l c n i - ’t hs :n~’a t  tern -c fri t O t ’  at:’. 0’ t m - s -  e c a ’ s - n a
:‘ qir I :Trc t_ ‘ er t no : : - a~ a I cc CO ‘:. . - ~~~ b~’ ‘ • - m m :  r do ’  - -~ S
C a: - .e  ~Ia 1 ~ ., :‘o mc t c ~ - - c I ca l  t 1 o s f 5mu I u. c I - ‘ , -:

:o : : ‘ ob t ~ ’:’ . . o: l an e  t . . ‘ l o -~ :. .  ogr ’ap :-.\ nave ::o nec: :  t t ’ ~~-~. ,~~~~- —

: ~
.‘.~~~ :‘~ : :n- rn  a I :‘c x’a : ‘

t - V 0 1’ t . , :: . ‘~ e: m cc ca  - - of :e cc : .a~’ 1~~a ’ I - :ma I
:‘o~ 1 cm: 0:’ .~ n e : ,  c o ur s e  cha: oos  a .  ma c e  a t  I ’ q m : C n t  l I l t  e : ’V a i c

I I , - r I :‘ :1 .‘u I n  net :‘‘:r t no r o u t  o : - a V ~ - r n : ’ .: I - - t w .~~~n - m , ’ —

o r ’ s : ,  Ixes . - ,~~~i i b o  be v e ’,’v n - e l ’. ~.1 ~~-. ‘:‘s th~ Ia’ .o
‘ 

~‘ q u I ~~p ed  •~f t h  a - :oa :— .r:’c’ k~~~.~~: -,~’ t : ’ a ’ ’ n ’ , To :‘aeIlI:a: o :‘ nnct ic - tm
of  n a t a  I: ~‘o n t e : ’ : p i a t e d  t:.at t h e  I n - r I c f t t  I n .  o f  c o v ~-r a i  s t a n —
:ar’n : r m s t r ’  .m e n t  sn~~t m 5 . ’ t u e  ma n e t  t o  c. ’ rn n~ ass , c l o c k , a: -: alt lsmeto:’
: 0  I ’ O t ’ O I ’ O S O  I nimmi t a .Co~~sl ,V Ofl t O t ’ ~~~~ caTR’ ra f i l m s . ~

‘
~nn’a:igennc:its

are also ‘.-oln~z c c : m s t n e r e : for  q c c t n i c  t o  t O t : - : ’, 1cm c e c o I~ : a -

: t on  o r ’ I ‘ o r ’an t a t  on .  t : ecr !:.~~le ter read I n~~.

-\nCr: ~ c A~~~hAi 0~

r ’ c t f t ’  oj e l d  O b s e r v a t i o n .  A t e c hn I c a l  n c r - o c t  on C:’o~I e o t
i tri p L has  been: corn; letéd a: d is at- pn ’eseI~t In nu ’ecs , Mm ’,

~o r t h I n g t o n  r etu rned  from the lee  b l anc  1’— on J an u a r y  15 and
is  a t  ~-;o rk  on a repor t on h i s  a c t i v i t i e s  t bo i ’e  m ’efo re any o r s e r —
vat Ions could be taken , it was necessary t o  construct a heat-e u
laboratory on the “beach ” of the Island . The laborat ory uas built
w i  ~~

- sn o w  b l o c k s , roo fed  over , an n  Insulat ci . Three hycrographie
ot&tions were made before the laboratory was destroyed by a pn’os-
sur e  r I n g : ’ on L :em’ ember  0~

-\ new labora tory  wa s  completed  t o w a r d  t h e  end u t  December
ar t . :  t w o  more stations occupied and a mud cor e obta ined . Titra-

L 

tt ’n ot ’ t h e  s a l i n i t y  samples has shown much pol lu t ion , Pho p01-
lution apparently occurred In storage since the samples taken Ott

-
- - ‘ the las t station average only about 0 .10 0/00 too fresh , against  

- - - 
_ 
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as much  5:- i I °/oo too fr e s h  f o r ’  t he  I ’ll’ c t  ~ t at i o n , The ::am~ le
b o t t l e s  were  wax ed  a n - i  k t i p t  f r o z e n  w h i l e  in s to rage .  :-,x~ t-’ r’ l -
mer.t:; are u r r u e r  w a ,  to u e t e r m i r i e If t h e  p o l y e th ~~le re ’  p l a st i c
sample bottles are 1i any w ay  r e sp o n siu le  t’ or t h i s .

~~~ a t I o n s b e t w e e r ,  ~or t h  A t l a n t i c  I c e  s i t u  Arc~ Ic .~e at h er ,
~~ a t  e x t e n t  he varIation: . In the -\t .lantic .-Ar’ctic ic ’ ’ a rc

rela ’ en t o  the ‘:n.’~r’5i storminess of th e n- rthe n ’ r m  N o r ’ t ~~. i\ tiantic
A R :  ~-~~- R r i ’ n r c  Yr ’ . b che l 1. 1-h - also chocgt- u a tLeor~ , p :’sposr c.
1 , - n e t  e t c  t i v  :- v o, Soy S ij O  c l m e l l , :.) t h e  el ’ l e c t  tha t w h e n  the
Ice r e  ‘ n’ . q t s  t ’ n’ - m  I no  A t l a n t i c ’  :‘ I r e  1

’ t he  A r c t I c  I t extends
.ar ’- .er ’ m o n t ’ . on the  k a c l l ’lc s lue  &n d  vice versa.

l a  t o . t tic’ n s-osl ble existence nt ’ a r e l a t i o n  b e t w e e n  t h e
- ‘ci. - I l ,’r. f  t . t c ice ar c tr:e storminess of the nmor’t }nern
- A :  la nti c , the averag:’ annual l ’ I’ . - q n e n c y  of s torms by u t ’C a u ~-

‘..a -  e xa:’: f r i o - n  t o - n ’  t h e  a rea  O° .~. 7ti
° .~~~. a: n - .n r~~°?I , ~~~~ i’his was

t. - tj area as a w c le air: for each five degree z. ire of
at  I t  ,:c ace ten ~ie gr ’ee  zone o f ’ lo ngi tud e , i l i e  per iod  e~~amlned

~, a , : t h a t  f i n — r n  P ’Ol t~~ 19 30 ,

A uecrease :: t h e  over—all storm t ’n’equency was ~ou n d from
I - r e : t r o t  :eca :e (1’) - l to 1~~i ’- ) to s uc c e s s i v e  cecades  w i t h  the
I 0~~ P 0  t VS t u e  ox ’ t h e  avoi ’ag e  annual  n m ’ e q m e n r c ~.- i L l ’  the  H. 1—19 3 .Y

o r I o n . I t  a; ; d a r ’ m - t h a t  t h i s  d i m i n u t i o n  in s t o r m  fr equency  is
“ r a l l y  Iii 1 ‘~nx e ~, i t O  t i re  cor ’e n or t h e r l y  po r -: i t i  on of the

A :  l a n i t i c - e ct i c  ice in recent deca ics .

A c o m p a r i son  o r ’ t h e  annual (m e a n  A pr i l — A u g u s t )  s ou the r ly
I c e l i m i t  In  the  A t l a n t i c -— A r c t i c  w i t h  t h a t  In the P a c i f i c — A r c t i c
s~ o~.ed a tendency for the ice to retreat on the one side of ’ the
-‘.ri’ t l c  whIle extend ing t’ar ther south on the other side and vice
ver sa, roe arr e- int o f’ Interrelation , thoug i: apparentl y real , is
q . i t e  smal l  ar id  w o u l d  exp la in  on ly about a fifth of the annual
var iatio n In the ice on either side ot the Arcti c .

Ov er  a per iod  ox ’ years  the  r e l a t ion  should be very con-
s i - l e r ab l e . For example , the average Ice l imi t in the At l a n t i c -
-\ x ’r-tic has decreased by i8;~ from the 1901-1920 puriod to t h e
(‘ollow ing l9- ’1-1939 pei’iod . During the same two periods the
average ice limit has increased by roughly the same amount- ; i.e.,
22~ on the Pacific side of the Arctic ,

DEV trI OPMIi NT OF INS TRUM imI NT S

U n a t t e n d e d  Ins t rument s .  n I ’t ’orts  have been concent rated almost
entirely during this quarter on the problem of getting an explo-
sive-actuated release for unattended instruments into the water .

LJL~~~~~ 
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Progress has been slow , largely because of an underestimation
of the manpower requirements , but individual components have
tested satisfactorily and a comprehensive deep-sea test program
is planned during January . It is hoped that two or three release
mechanisms may be set in very deep water during the March CARYN
cruise to the Bermuda area.

A deep-sea pressure recorder for the detection of small
pressure fluctuations on the bottom is at a stage of development
wh ich indicates that It can be used as a cable-lowered device on
th e forthcoming cruise and possibly completely unattended for a
relatively short period of time .

F our sets of Gifford grapnels have been manufactured , but
their use  In dragging for the Kiebba temperature recorders ,
currently placed on the continental shelf, has been deferred
until better weather in the spring.

Submarine Cable Connected Electrodes. The program of poten-
tial measurement across the Florida Straits is still in progress ,
and has been going more or less continuously since August 1, 1952
with the very generous cooperation of the western Union Company .

Plans for measurements on the all-uritish cable from Halifax
to Hermuda and Bermuda to Turks Island are well under way and
measurements will begin at Bermuda in February . The British Cable
and wireless Company is making their cable available for these
measurement s.

MODEL STUDIES OF OCEANS

Active experimental work on ocean circulation was suspended
during the past quarter to permit the rotating basin apparatus
to be used by Mr. Stommel and Mr. Farmer for studies of the effects
of rotation on flow through transitions in flumes. Plans were
made during the interval for study of the wind-driven circulation
of southern hemisphere oceans and for quantitative restudy of the
earliest experiments of the wind-driven circulations within rec-
tilinear boundaries . Dr. Kierstead ’s analysis of wind-driven
systems (W ,H.O.I. Tech. Rept ., Bef. No. 52-87, Oct. 1952) suggests
means for quantitative experiments and a recent paper by Corkan
and Dood son ( Proc . Roy . Soc . A (1121) ~~~ lLi.7-162) offers a
theor et ical basis for studies of tidal motions in a rotating
ref erence frame . A paper by Mr . von Arx describing the qualita-
tive experiment s he has done on the northern hemisphere circula-
tions is being published in the next issue of T~1lus under thet i t l e  “A Laboratory Study of the Wind -Driven Ocean Circulation ” .

3 ~j , 
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I ,  o- I ’Li I I - :~~ t l t ’  - ~:~~~L I  \t~ fr: :

h u r t  iig t he p a st  quarter ’ est u~~rv :l t - tw l  I es t% * V O coi l : ;  I ~tcd pi’ t —

ma t’ I I ~
‘ o f ’ t w o  I’ I c  Id I r I ps I ‘ I ho K o t t t t e t t e ~’ h ~ v er a t t u  I he n i t  t i d y

*ud t n t  • i ’p r o t - a t - t  on cC ’ t h e  d~~t -~ . The otijeet ly e  ci’ t~~csc tt ’ t pi t
W M :; I c mak a mea st t  remen t s ci ’ Ii to t t ~ 1,1 n -o at  ~ I ~nd v o p ,‘~ ~

- e I c~’ It  y
t IU (’t-UM 1,1 cnn ; • ~ nd o I ’ 1 i n p e r n  it  r , ’ ,~~id ~‘cndue t v t I ~ at  cc c o t  ~~men ;  d i i i ’  n~: t In ’ I I d* I cv Ic ~ud ~t vi~r I ens ~ t ~ t I o t i s  fl ‘~f(u ’
t h * t I tie v c t ’ t  e at I’m ~ e t

’ momentum etid s*l t n t  I v eon t j  I ’c’ d o t  ci’ —
mtt ied . I - c r  the se ’  m e a s u r e m e n t s  an I n s t  r u m e n t  WA: :  d~ ve I eped t~‘ i’ . ~ct i ~t id  t’ arn -i ot i  c& ’ ; r : ;  I s  I I ug o t ’ A v~ ’t t  A r ~~ ~‘ui’ t’eut  met ci’ , ~‘on O n c —
I I v I t~y ccii , C hei’m 1 : 1  t or and a v a t i t ’ n ’ ens I I ‘~ e I e I he y e r I lea ! I ’ I uc —

I t i M  t I 011: ’ c i ’ v 0 I ow’ I I y

s t n ~i ~‘~~ t 
~‘ * t t I t ’ t - ’tI  I 01 11 t I  : ‘ o c n i  or I ’ l n \  ~ 1’ moment-urn ~- i

A : ;  tit u c h  ~~:: . ~t t t e n ;  ~‘nt -  ~nd * t t c ~~t t ’ I l l \  t i p  I c  0 • 1 ‘ 1 ” . ca ,‘i em’
*1 tnt .1— dept It :; , r u e  rat I o ot ’ I li e ho *t  I c  momen t -nm A in ’t  M t i : ’~’!1 W H i t
d o  t, e i’m t nod I it t We I t i n t R t n ’ O : i  *t ( ‘ • ‘0 *tt. i  0. 1 • ‘l’h~~n”’ P a t  to : ’ a t ’ ;’
In i’~—’e i ’  l’y a t  I ; ‘ft : I an order  el’ nta gi’  I t , i , i ; ’  fr om I t i , ’nn ’ c i ’ .t a;’obnien
I 

~‘~~
‘ k~~ : i .j ; ’ ; ’ :; Iiot’,l *t i d  ~~e1iti I t  ~ ‘ s d t ’ t t t i . I  W i n ’  ~~::~‘ , i I .‘u~ I I i i . ’ av e r ag e s
e I I ml  nat c I lie I Ide: ; • II s I ug t I i  I s  me t hod e(~ .~ ~~~~ SOi l  t ’e P t h e

I\ Clinti 1 I’e .‘ da I a I I i i  5 r at  1 0 15 1 • 0

Mr . ,r 
• , ~~

‘, 1” rqi n’ :, w h o  I :~ cii l c~~v c  t ’i n ’n t  I 1~~’ I m p e r I a l  Cc!  1 eg~’
it 1- . ’ii .l. ’n cii a t’el I ew sh  I p w I t  li I he ~so. ’. in t  He I c  0.’c*iie~ raptt 1 e 1 ur ; t ¶ —

t i t t  t on  t in  :~ O~ ‘ i i i  I’ I t ’ i :  I ;‘ ,t ~~i’C* t ~ \‘ 1 0 I t n t : ~ ~~.‘ I ’k  • Mi ’ , I omme 1 and M i ’ .
‘a eme r a 1 cc 1 ock pAr

‘~~~ ~ ‘ - d l  -\ N -0 ~

~al I t i t t  y TI Ir*t.L On:;. Ir e r o l l  o w l  t i g gi ’eu~ ’s c i ’ sat tnt
t~ t~ T r ~ t c~lT~~ 

-

-\ l’l ,\N’I’ I 
~~~~, . ‘ i ’ i t ( iC “ I ‘:

~
d rca I :, , i i  I I ; h*v
t ’A h \  N I ‘i ’

A l~ , r u I :1;’ .~ I , ‘j~ 0U I -\ , C i t ~ 1: ; e ‘ — ‘ , -

\ I - t : \ l ’~~):’nt: 1 1 1  , Ci’ui ( :n ’ ~~~. \ t , I~A !’U0 ::’, I I I  • ~‘ rui  ¶ cc

.‘, 1 i t t

L 
‘Vctu ca rkioy s ci’ sea wa t o  r I i i  vat ’ I ou t : ;  d I t n t  I outs  were  prepa rod

t o p  Wa!  Ia ~’e *ntt  ‘ ft o r n *u

A I Ot ’ 1 i i i  t~’ t~~it wa :1 i~ agc;I *1 t he end o 1’ :~e p t-~mb er and I re .1 ned
;hu t’ t u g  I lie f’o I i  ow l ng m o n t h  • The d epa r I-met i t - now ~‘on:; I n t i s  c i ’ I- It ree
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I’he rmomo ter Cs l, thr *  t I otis • No thermome t - oi ’  ca l  I b ra t  t on e  wore
r mad;’ d u i’l ng t h i s  qua r io  r • Mr • Wti I t i to y c omp lo I o.I sI 1 t’ a 1 lb rat I .‘ti s

dun ug t.hc t h ir d  qua r ter  and o n l y r ecord  wor k  WA: ;  I c  1, 1 t~~’ t o  don e .

-‘Is ,‘ i’ i ~e ‘ornb er I t  a ,‘t ; l t : ;  I dO t’~~ t i l e  i tumbe r of I- t ie rmome tax ’s  a I’C
on Itatit i Vet’ ‘a I I bra t I out , an d a much 1 argot’ t iumber  are 5 oh cdii  1 ed
I o a r t ’  I v e In  I .t io  no ~ I (~ew un cu t  in ; • The 1 ot-el uiumb e P eV I i t s  I - i ’ i t  —

i~~i ’ i t t : i  110W I_n p t e : ; p o ’ t rot ’ cal I bra t b i t  du ri ng t lie t’et n tt ig ~- c a i ’  i n
1 i ’) l  , w i t  U I l ie  ~‘reb ab 1 1 1 Ly c i ’ ni t - I l l  inc ‘c t 0 come ,

ni i n s t  I t  i t t  ion  has  or d e r ed  a :tuibst iti i ¶ a j  , i t i tnber  o : :‘ ; ‘t ’ e i’ —
n i t  I4~ t-h erntome tore , w l t t  c l i , whe n poet’ I ved • sh o ul d  pu ’ev I .1;’ * s u i t  t - *b I ‘

n u m b er  o f’ Instruments t c equIp a l l our Vt ’: ; c c i : ;  and :;
~~‘

;‘.‘ I * 1 t ’ I ci  d
p i ’ . ’~~ow’ t s

Pun I ng I ° ‘ 
, o ig hi t ’o v O t ’ :; I t  ug t I m  rmcme t-ø i ’ s we i’e lo :~ I a t :~ cit

ci’ b i’oU en be~’ end re p a ir  In Ui e .‘o utr  cc ci ’ ii runs I u se  • A number
01 ’ ci he m t  ci i i ’  (‘ered mInor’ damage end have been ro p at  red and
re t .utriio d to serv icc .

Mr • It umpu S con t i  uitiod 1 e : t i i  p ony  I so t. Ii  I: ; .tepa rt -meti t

h i  111.1 OOsh ,\ l’l i \

I’ ajAe rs ~ub ntt t .tod t ’e r I’ u i b l t . ’a t  ~~_n . t’h~ t o l l  ow I ni~ pap om’ s W e r e
s u b m I t ~led ~~ r pith i i  c~ t T  out

l-”at’mo t’, I t . U • , and U . Morgan: Ii ;i ~ - -~~~ I t  w i ’~~ig. ’ . ~~~~~ III i’d

~‘ o f l t ’ , on Co *st -~~l, ~j!t .

1’ i n  i t t ’ t o  • • 1 . U . U • A i i . ’ I ; ~ O i l  l i t ’ V i ’  1 0. ’ 1 I v . i t : 1  rI 1’:: t ¶ ‘ii ~ uid 1-c t -

t ots : 1 1  i’ ’ nl :; I i i  ~ w I  t n t  — . i t ’  I von wa t ~~i’ 0 s i n ’ ’ ’ i t t  c v : ;  I oct • .1 , Mn i’ •
lies •

t~e.I V i e  l L j ~ A • C • : t ui t ou’ l’ereut. ’e piteutemeut a I n  t I n ’  I ¶ t Ies  ol I he ~ oo.i :~
h o l e  reg I on. .1 , Mat’. I-it’s,

Stomm ol , II • , and Ii • U • i~’a mm ci ’ : ~‘ . ‘ i i I  rd o l ’ cn I t  u I  I v  I i i  an es tuary
by a t rs n :uIIt on. •1 . M it’ . ~~~~~~~~

t omm e 1 , Ii • , and w • • von A r’x , I • i’*roen , and ~ • • U I ~h~ rdo ci i
Uap id aer 1* 1 survey ci ’ Un i t ’ : I-ream w I t h  camera an d r ad I a —

I ion thermometer , hcl .nre.

Published Papers, ‘Phe (‘o l  low ing  paper s were put ’t tsh.d Inn -
t rig the qua r ter
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I sel in , C . O’D .: The Gulf Stream system . Proc. Amer. Phil.
Soc . ,  96 (6 ) :bbO-662 .

Malku s , w . V . R., and M. E. Stern : Determinat ion of ocean
transports and velocities by electromagnetic effects.
J . Mar . Res , l1(2):97-105, 2 text figs.

Stomrnel , H,, and H. G. Farmer: Abrup t change in width in two-
lay er open channel flow . J . Mar . Res., 1l(2):2O5-2lL~., 3
text figs.

v on Arx , a. S.: No tes on the surfa ce veloc i ty profi le and hor i-
zontal shear across the width of the Gulf Stream . Tellus,
LF (3):2ll-2lt~, 3 text figs.

_____  
A laborat ory study of the wind-driven ocean circulation ,

Tellus, 11(L1,):311-318, Lb text figs.

Technical Reports. The following technical reports were
dis tributed during the quarter:

i-t ef , No.  52-79. A comparison of certain wind , tide gauge and
current data. By J. Chase . £eptember 1952.

Ref, No. 52-8.~~ The w ind-dri ven ocean on a rotating basin. By
Henry Kier st ead . October 1952.

Ref No. 52-88. On the nature of’ es tuarine circula t ion , Part I
(Chapters 3 and Li,). cy Henry Stomme l and Harlow G . Farmer.
October 1952

Ref. No. 52-95. Report of the combined BEAR-CARYN cruise of
July 20 to 2b, 1952. by ~~~. Malku s, Henry Stoinmel, ii. G.
Farmer. September 1952 .
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PERSONNEL

The following personnel were engaged in either full- or
part-time activity under this contract. Not included in thi s
list but contributing to the work were shop workers, mainte-
nance personnel, crews of vessels , and the administrative
eta,ff of the Business Office,

Assiflnnlent Name Title

DIRECTION AND Ed. H. Smith Director
ADMINISTRATION C . O’D. Iselin Sr. Physical Oceanographer

A . C , Redfj eld Associate Director
R , A . Veeder Assi st , to the Director
Jeanne M . Backu s Secretary

HYDROGRAPHIC Nellie Andersen Senior Technician
OBSERVATION S D, F. Bumpus Oceanographer
AND ANALYSES A . Cangiamila Res. Assist , in Engineering

J, Chase Res. Assoc . in Oceanography - -

H, G, Farmer , J r .  Res. A ssoc , in Engineering
D. H. Frantz, Jr . Res. Assoc , in Engine ering
F . C . Fuglister Oceanographer
C. R. Hayes Res. Assist , in Oceanography
S. F. Hodgson Res. Assi st , in Engineering
3. F, Holmes Res. Assoc . in Oceanography
W . V. R. Malkus Physicist
W , G. Metcalf Res. Assist, in Oceanography
I. I, Schell Meteorologist
H . M . Stomunel Oceanographer
L . A . Thayer Research Engineer
Evangeline Tollios Senior Technician
W , S. von Arx Oceanographer
0. K , Wertheim Res .  Assoc . in Physics
L, V. Worthington Res. Assoc . in Oceanography

PHOTOGRAPHY , F. A . Bailey Draftsman
DRAFTING AND Gloria Gallagher Multilith Operator
TITRATING Mary Manning Technical Assistant

Dona Nelson Technical Assistant
D . M . Owen R es .  Assoc . in Oceanography
F. C . Ronn e Photographer
J , W . Stimpson Draftsman
Phyllis Vail Technical Assistant
0, G . Whitney, Jr . Senior Technician
Nancy H . Williams Technical Assistant
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DIS i ’RI13U TI ON LIST

Copies Addresses

1 Assistant Chief of Naval Operations ,
tO p-31)

Department of the Navy
a~ shington 25, B. C.

1 Atlant Ic uceanog r aph ic  G r ou p
~-t , An dr ews
New Brunswick , Canada

1 Chief ,
bureau ci ’ ~3hIp s
Department 01’ t he  N a vy
~ashIngton 2~~, B . C .

Attn: Code 814 1

5 Ch I c  I ’ of  \ aval Re search
Department- el th e i~av y
a a s h t n gt o n  5 U . C .

A t t n :  Code t~1i~

1 Commandant
1 , ~~~~ Coa st - Guard
13PD - . stree t , N . W .
~e sh t n gt .on , I) . C .

A t m :  ~\ero1ogy & Oceanographic
Sec tion

1 Command I ng Officer
branch Office of Naval Research
1~ P Cau seway Street
l e s io n , Ma ssachu set ts  F

1 I)irector
Department 01’ Oceanography
Texas A & M
College Stati on , Texas
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Copies Addresses

S Hydrographer
U . ~~~. N avy Hydrographic Office
W~ shIngton 25, 1) , C.

Attn : Divisi on of Oceanograp hy

1 Director
Naval Research dstablishment
Halifax , N ova Scotia

Scripps Institution of Oceanography 
- 

-

La Jolla , - -

California
A ttn : Director (1)

Li brary (1)

1 Dir ector
Department of k~ng tneering
University of California
Berkel ey ,  Cali fornia

1 Dir ector
Marine Laboratory
University of Miam i
Coral Gable s 3l~., Florid a

1 Director
University of Washington
Oceanogra phi c Laboratories
Seattle 5, Washington

1 Director
U . S. Navy Underwater Sound Laborator y
Fort Trumbull - 

- -

New London , Connecticut

1 Director
U. S. Navy k~1ectronica Laboratory
San Diego 52, California

Attn : Code 552
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